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Abstract 
The aim of this work was determining optimal parameters of the investigated jet-loop reactor by means of the built by 
authors low cost PIV system. The criterion of optimization was value of flow rate in a draft tube.  It was found that 
flow rate in the draft tube increases with the increase of flow rate in the supplying nozzle, what is caused by increase 
of outlet velocity of supplying liquid stream. With increase of distance between the nozzle and the upper edge of the 
draft tube the diameter of the stream with high velocity increases, what causes growth of flow rate of liquid at the 
outlet. Long draft tube causes disturbance of flow, backward circulation and decrease of flow rate, because of 
decrease of distance from its lower edge to the bottom of the reactor. As a result, the liquid circulation may be 
stopped. Liquid circulation is more intensive in wider draft tubes, wider than diameter of flowing out stream. In the 
case of a narrow draft tube the liquid stream flowing out of the nozzle may flow outside the draft tube wall disturbing 
circulation.  
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Nomenclature 
 
D  draft tube diameter (mm) 
d feeding nozzle diameter (mm) 
L  length of the draft tube (mm) 
l   distance between feeding nozzle outlet and upper edge of the draft tube (negative  value means               
that the nozzle is placed inside the tube) (mm) 
lb  distance between the lower edge of the draft tube and the bottom of the apparatus, (mm) 
Vn   volumetric liquid flow rate in the feeding nozzle (ml/s) 
Vt  volumetric liquid flow rate in the draft tube  (ml/s) 
A   area of the draft tube (m2) 
r   radius of the draft tube (m) 
M   angle (rad) 
wr  local velocity (m/s) 
B  Gauss curve parameter 
y0  Gauss curve parameter  
W  Gauss curve parameter  
W1  Gauss curve parameter  
wmax   maximal velocity in the liquid stream (m/s) 
2
1r   radius of the stream, at which the velocity equals half of the maximal velocity (m)  
xc Gauss curve parameter  
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1. Introduction 
Together with the development of new processes especially in biotechnology, it was necessary to 
introduce new equipment for realization of such processes. Examples of such devices are jet-loop 
reactors. Jet-loop reactors also improve the running of many processes, which are traditionally 
encountered in chemical industry [1-3]. 
The primary element of the jet-loop reactor is a tank with a draft tube, in which the nozzle is installed 
(Fig.1). The application of a nozzle, for feed stream introduction, allows thorough liquid mixing, 
eliminating the need of usage of mechanical mixer in the reactor. 
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Fig. 1. Scheme of a jet-loop reactor. 
Jet-loop reactors could be applied for carrying out homogenous and heterogenic reactions (one-phase 
or multi-phase systems) [4-6]. In case of liquid flow in such a reactor (one-phase system), the liquid 
solution is introduced to a draft tube by means of the nozzle, and creates a jet. 
Determination of the velocity field of the flowing fluid, depending on the different running parameters 
(liquid velocity inside feeding nozzle) and apparatus geometry (localization and dimensions of a draft 
tube), is necessary for characterizing the flow hydrodynamics in a jet-loop reactor. 
Determination of the fluid velocity distribution allows reactors designing and its scale-up. Although 
many researchers proceeded measurements on flow hydrodynamics in jet-loop reactors, their publications 
concern usually fragmentary data of flow velocity in the draft tube [5, 7]. In the literature there are 
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equations describing this velocity usually with use of Gauss curve [8]. Simultaneously only global 
parameters, describing liquid circulation velocity in a reactor were defined e.g. the ratio of mass flow rate 
in the draft tube to mass flow rate at the outlet of the feeding nozzle [5]. There is still a lack of the data 
concerning the influence of the device geometry and the way of its feeding with liquid on the fluid 
circulation velocity in the apparatus.  
The cause of such a case are problems with determination of an exact liquid velocity field in the jet-
loop reactor, especially using traditional invasive methods (there are problems in inserting of 
measurement probe in the specific point of the device,  and disturbances in measurements, caused by the 
velocity pulsation). One can overcome those problems applying novel measurement  methods, based on 
non-invasive flow visualization [9].   
Non-invasive visualization technics are widely used for the examination of the flow fields. Their 
advantage is lack of interference with an examined system. It could be helpful in determination of dead 
zones in the device, as well as circulation and flow disturbances. This kind of analysis supplies also a 
quantitative description of flow fields- map of liquid velocity vectors. At present most frequently applied 
methods of that type are PLV ( Pulse Light Velocimetry) methods, and especially one of them-PIV 
(Particle Image Velocimetry). Tracers are introduced to the continuous phase in this method, then the 
examined zone is lighted by means of impulse light and the registration of the image is made. Tracers are 
chosen in such a way that their movement represents the movement of the fluid. In case of PIV method 
application, there are a dozen or so particles within one interrogation area, so it is impossible to determine 
the displacement of a single particle in successive film frames. Only average displacement is determined 
applying statistical methods [10]. 
The purpose of this work was the determination of optimal geometrical and hydrodynamic parameters 
for the jet-loop reactor, applying the PIV measurement system, built by the authors. The value of the fluid 
flow rate in a draft tube was chosen as the criterion of optimization. High value of this parameter enables 
quick liquid circulation in the apparatus and high turbulence. The examination was an introduction to the 
optimization of the work of new type hybrid reactor for carrying out Friedl-Crafts reaction. 
2. Measurement system 
Low cost measurement system constructed by the authors, composed of green linear laser Z-laser 
Z40RG SET and Sony HDR-FX7E camera was used in all experiments. The laser had 40 mW power and 
the ability of generation of the 2mm thick and 20m long line. The camera registered films on MiniDV 
cassettes, it has 20x optical zoom and Carl Zeiss ® Vario-Sonnar® T objective. It allowed registration 
with maximal speed of 100 frames per second with 1440x1080 pixel resolution. Polyamid seeding 
particles (PSP) produced by 㻰㼍㼚㼠㼑㼏㻰㼥㼚㼍㼙㼕㼏㼟㻌㼣㼕㼠㼔㻌㼐㼑㼚㼟㼕㼠㼥㻌㼛㼒㻌㻝㻜㻟㻜㻌㼗㼓㻛㼙㻟㻌and diameter 50μm were used 
as tracers. The optimal concentration of these particles (0.06 g/dm3) was established on the base on 
investigation carried out earlier [11].    
3. Experimental installation and measurement methodology 
All experimental investigations were carried out in the measurement system presented in Fig.2. 
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Fig. 2. Scheme of measurement system 1- tank for preventing of optical deformation, 2- draft tube, 3-reactor, 4- feeding nozzle, 5- 
rotameter, 6- pump, 7- dosing tank 
 
 
 
 
Fig. 3. Jet-loop reactor, which was examined 
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Water from the opened to the atmosphere tank 7, was sucked by means of  the gear pump 6 and 
pumped through the rotameter 5 and feeding nozzle 4 to jet-loop reactor 3 (Fig.3), where the draft tube 2 
was placed. Liquid flowed over the weir and got into the tank 7. Construction of the tank 7 enabled the 
dosage of tracers, as well as water deaeration. In order to avoid optical deformation, the reactor was 
placed in the rectangular tank 1. Laser was situated in such a way, that the plane crossing the apparatus 
axis was lighted.  
Cylindrically shaped reactor with a round bottom possessed  2 dcm3 volume, 140 mm inner diameter 
and 270 mm overall height. It had a neck of 120 mm diameter. 
All experiments were carried out applying the following scheme: 
x filling the measurement system with water  
x turning the gear pump on 
x setting up the specific geometrical or hydrodynamic parameter 
x addition of the tracers to the tank 7 
x waiting for steady state conditions  
x lighting the plane crossing the apparatus axis by means of laser   
x short film registration  
The examination addressed the following problems 
x dependence of liquid flow rate in draft tube on liquid flow rate in the feeding nozzle (2.8 - 16.7 ml/s) 
x dependence of liquid flow rate in draft tube on the distance between the feeding nozzle outlet and the 
upper edge of the draft tube (-2 - 8 cm) 
x dependence of liquid flow rate in draft tube on the feeding nozzle diameter (0.8 – 2 mm) 
x dependence of liquid flow rate in draft tube on its length (50 – 150 mm) 
x dependence of liquid flow rate in draft tube on its diameter (45 – 75 mm) 
x dependence of liquid flow rate in draft tube on its distance from the bottom of the tank (45 – 75 mm) 
4. Calculation methodology 
An instantaneous velocity field on the plane situated in the axis of the apparatus was determined at the 
first stage of calculations (Fig. 4) 
 
Velocity vectors calculation
(GPIV)
Panoramic image creation from the two selected frames
(InfranView)
Film frames processing (rotation, change of color into grayscale)
(Infran View)
Division of the film sequence into single frames
Transfer of registration file into hard disk
Registration of the film sequence on mini DV
 
Fig. 4. Scheme of the image processing 
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As the turbulent flow exists in the reactor the instantaneous velocity fields were averaged in time (the 
average was taken for 50 points registered every 0.05 s). 
Next the averaged liquid velocity profile in draft tube was approximated by means of Gauss curve: 
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·
¨¨©
§ 
2
2
2
)(
W
xr c                                                                                                         (1) 
 
getting the parameters of flowing stream 
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On this base the volumetric flow rate of water in the draft tube was calculated with the help of the 
equation:  
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5. Calculation results 
The relationships between liquid flow rate in the draft tube and parameters, that were examined are 
presented below 
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Fig. 5. Dependence of liquid flow rate in the draft tube on liquid flow rate in the nozzle (d =2 mm, l=10 mm, L=120 mm, D =75 
mm, lb=45 mm) 
 
 
 
Fig. 6. Dependence of liquid flow rate in the draft tube on depth of the nozzle submergence  (Vn= 14 ml/s, d = 2 mm, L=120 mm, D = 75 
mm, lb=45 mm) 
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Fig. 7. Dependence of liquid flow rate in the draft tube on the nozzle diameter (l=80 mm, L=120 mm, D = 75 mm, lb=45 mm) 
 
Fig. 8. Dependence of liquid flow rate in the draft tube on the tube length (Vn= 14 ml/s, d = 2 mm, l=80 mm, D = 75 mm, lb=45 mm) 
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Fig. 9. Dependence of liquid flow rate in the draft tube on the draft tube diameter   (Vn= 14 ml/s, d = 2 mm, l=80 mm, L=120 mm, lb=45 
mm) 
 
 
Fig. 10. Dependence of liquid flow rate in the draft tube on its distance from the bottom of the tank (Vn= 14 ml/s, d = 2 mm, l=80 mm, 
L=120 mm, D = 75 mm) 
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On the base of the investigation, which was carried out, one can conclude the influence of geometrical 
and hydrodynamic parameters on liquid flow rate in the draft tube:  
x With increasing of liquid flow rate in the feeding nozzle, the volumetric flow rate in draft tube 
augments (Fig.5). Increasing the liquid flow rate in the feeding nozzle causes the growth of liquid 
velocity in the nozzle and by that an increase of kinetic energy transferred by the stream. Additionally, 
the under-pressure in the surroundings of the nozzle grows, resulting from Venturi effect, which 
causes, that more liquid quantity is sucked in, from the annular part of the apparatus.  
x With a bigger depth of the feeding nozzle immersion, the liquid flow rate in the draft tube shows a 
growing tendency (Fig.6). Augmenting the distance of the nozzle from the inlet to the draft tube causes 
the growth of the diameter of the stream that flows into the tube. In that case, the volume of the draft 
tube, which is filled up with the stream of quickly moving liquid, grows and it causes significant 
growth of the average values of velocity and flow rate. 
x With a growth of the length of the draft tube up to 120 mm, the liquid flow rate in that tube grows 
(Fig.8). Short tube does not enable correct circulation of the liquid. Swirls and flow disturbances are 
created. When the length of the draft tube is augmented, the distance between its lower edge and the 
bottom of the tank diminishes. Exceeding the tube length over 150 mm causes significant throttling of 
the liquid outflow from the draft tube and diminishes the liquid flow rate in the tube. Additionally, 
recirculation of the liquid inside the tube is possible, because at the bottom of the apparatus the liquid 
stream is reflected from the wall. 
x With a growth of the diameter of the draft tube (in the examined range), the liquid volumetric flow rate 
in the tube grows (Fig.9). For the draft tube with small diameter, the liquid stream from the feeding 
nozzle could flow around it, disturbing circulation. Applying draft tube with enough large diameter 
allows correct suction of the liquid from the annular area with minimal resistance. Applying the draft 
tube with too large diameter could probably disorder liquid circulation because of significant 
narrowing of the annular area.  
x With a growth of a distance of a lower edge of the draft tube from the bottom of the apparatus, the 
liquid flow rate in the tube diminishes (Fig.10), which is caused by entering of the upper edge of the 
tube into the neck of the apparatus (the area with a lower diameter) and blocking of the liquid 
circulation. 
6. Conclusions 
Application of PIV method for the measuring of the velocity fields in a jet-loop reactor allowed easy 
determination of the basic parameter of the apparatus work- liquid volumetric flow rate in the draft tube, 
and characterization of liquid circulation velocity. Taking advantage of this, it was possible to investigate 
the influence of  process and constructional parameters on liquid circulation velocity. The results of the 
examinations were used for the optimization of the work of the new type of membrane hybrid reactor.  
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